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PROCESS FOR THE PREPARATION OF
MACROLIDE ANTIBACTERIAL AGENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. national stage application
under 35 U.S.C. §371 of International Application Serial No.
PCT/US2008/080936 filed Oct. 23, 2008, which claims the
benefit under 35 U.S.C. §119(e) of U.S. Provisional Appli-
cation Ser. No. 60/982,446, filed Oct. 25, 2007, the disclo-
sure of which is hereby incorporated herein by reference.

TECHNICAL FIELD

The invention described herein relates to processes for
preparing macrolide antibacterial agents. In particular, the
invention relates to intermediates and processes for prepar-
ing ketolides and other macrolides that include a 1,2,3-
triazole substituted side chain.

BACKGROUND AND SUMMARY

The use of macrolides for various infectious diseases is
well known. Erythromycin was the first compound of this
class to be introduced into clinical practice. Since then,
additional macrolides, including ketolides have garnered
much attention for their ability to treat a wide range of
disease states. In particular, macrolides are an important
component of therapies for treating bacterial, protozoal, and
viral infections. In addition, macrolides are often used in
patients allergic to penicillins.

Tlustrative of their wide ranging uses, macrolide com-
pounds have been found to be effective for the treatment and
prevention of infections caused by a broad spectrum of
bacterial and protozoal infections. They are also useful for
infections of respiratory tract and soft tissue infections.
Macrolide antibiotics are found to be effective on beta-
hemolytic streptococci, pneumococci, staphylococci and
enterococci. They are also found to be effective against
mycoplasma, mycobacteria, some rickettsia, and chlamydia.

Macrolide compounds are characterized by the presence
of a large lactone ring, which is generally a 14, 15, or
16-membered macrocyclic lactone, to which one or more
saccharides, including deoxy sugars such as cladinose and
desosamine, may be attached. For example, erythromycin is
a 14-membered macrolide that includes two sugar moieties.
Spiramycin belongs to a second generation of macrolide
compounds that include a 16-membered ring. Third genera-
tion macrolide compounds include for example semi-syn-
thetic derivatives of erythromycin A, such as azithromycin
and clarithromycin. Finally, ketolides represent a newer
class of macrolide antibiotics that have received much
attention recently due to their acid stability, and most
importantly due to their excellent activity against organisms
that are resistant to other macrolides. Like erythromycins,
ketolides are 14-membered ring macrolide derivatives char-
acterized by a keto group at the C-3 position (Curr. Med.
Chem., “Anti-Infective Agents,” 1:15-34 (2002)). Several
ketolide compounds are currently under clinical investiga-
tion; however, telithromycin (U.S. Pat. No. 5,635,485) is the
first compound in this family to be approved for use.

Liang et al. in U.S. Patent Appl. Pub. No. 2006/0100164,
the disclosure of which is incorporated herein by reference,
describes a new series of compounds, and an illustrative
synthesis thereof. These new compounds show excellent
activity against pathogenic organisms, including those that
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have already exhibited resistance to current therapies. In
particular, Liang et al. describes compounds including those
of formula (I):

@

solvates, and

salts,

and pharmaceutically acceptable
hydrates thereof;, wherein

R! is a monosaccharide or polysaccharide;

A is —CH,—, —C(0)—, —C(0)0—, —C(O)NH—,
—S(0)2-, —S(0)2NH—, —C(O)NHS(0)2-;

B is —(CH,),— where n is an integer ranging from 0-10,
or B is an unsaturated carbon chain of 2-10 carbons, which
may contain any alkenyl or alkynyl group;

C represents 1 or 2 substituents independently selected in
each instance from hydrogen, halogen, hydroxy, alkyl,
aralkyl, alkylaryl, alkoxy, heteroalkyl, aryl, heteroaryl, het-
eroarylalkyl, aminoaryl, alkylaminoaryl, acyl, acyloxy, sul-
fonyl, ureyl, and carbamoyl, each of which is optionally
substituted;

V is —C(0)—, —C(=NR'")—, —CH(NR'"’R"*)—, or
—N(R"™)CH,—; where R is hydroxy or alkoxy, R'? and
R'® are each independently selected from hydrogen,
hydroxy, alkyl, aralkyl, alkylaryl, alkoxy, heteroalkyl, aryl,
heteroaryl, heteroarylalkyl, dimethylaminoalkyl, acyl, sul-
fonyl, ureyl, and carbamoyl; and R'* is hydrogen, hydroxy,
alkyl, aralkyl, alkylaryl, alkoxy, heteroalkyl, aryl, het-
eroaryl, heteroarylalkyl, dimethylaminoalkyl, acyl, sulfonyl,
ureyl, or carbamoyl;

W is hydrogen, F, Cl, Br, I, or OH; and

X is hydrogen; and Y is OR”; where R” is hydrogen, a
monosaccharide or disaccharide, including aminosugars or
halosugars, alkyl, aryl, heteroaryl, acyl, such as 4-nitro-
phenylacetyl and 2-pyridylacetyl, or —C(O)NR®R®, where
R® and R® are each independently selected from hydrogen,
hydroxy, alkyl, aralkyl, alkylaryl, heteroalkyl, aryl, het-
eroaryl, heteroarylalkyl, alkoxy, dimethylaminoalkyl, acyl,
sulfonyl, ureyl, and carbamoyl; or X and Y taken together
with the attached carbon to form C—0.

In particular, the compound 11-N-[[4-(3-aminopheny])-1,
2,3-triazol-1-yl]-butyl]-5-desosaminyl-2-fluoro-3-oxoeryth-
ronolide A, 11,12-cyclic carbamate is described by Liang et
al.

Due to the importance of these new compounds and
others that are being used to provide beneficial therapies for
the treatment of pathogenic organisms, alternative and/or
improved processes for preparing these compounds are
needed.

For example, the inventors hereof have discovered that
side-reactions occur, and undesirable side-products and
impurities are formed using the conventional synthesis of
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compounds of formula (I). Those side-reactions decrease the
overall yield of the desired compounds, and those side-
products and impurities may complicate the purification of
the desired compounds. Described herein are new processes
that may be advantageous in preparing compounds of for-
mula (I) that avoid such side-products, and/or may be
purified to higher levels of purity.

SUMMARY OF THE INVENTION

In one illustrative embodiment of the invention, processes
for preparing compounds of formula (I) are described:

@
and pharmaceutically acceptable salts, solvates, and
hydrates thereof;, wherein

R! is a monosaccharide or polysaccharide;
A is —CH,—, —C(0)—, —C(0)0O—, —C(O)NH—,

—S(0)2-, —S(0)2NH—, —C(O)NHS(0)2-;

B is —(CH,),— where n is an integer ranging from 0-10,
or B is an unsaturated carbon chain of 2-10 carbons, which
may contain any alkenyl or alkynyl group;

C represents 1 or 2 substituents independently selected in
each instance from hydrogen, halogen, hydroxy, alkyl,
aralkyl, alkylaryl, alkoxy, heteroalkyl, aryl, heteroaryl, het-
eroarylalkyl, aminoaryl, alkylaminoaryl, acyl, acyloxy, sul-
fonyl, ureyl, and carbamoyl, each of which is optionally
substituted;

V is —C(0)—, —C(=NR'")—, —CH(NR'*R"*)—, or
—N(R")CH,—; where R is hydroxy or alkoxy, R'? and
R'? are each independently selected from the group consist-
ing of hydrogen, hydroxy, alkyl, aralkyl, alkylaryl, alkoxy,
heteroalkyl, aryl, heteroaryl, heteroarylalkyl, dimethylam-
inoalkyl, acyl, sulfonyl, ureyl, and carbamoyl; R'* is hydro-
gen, hydroxy, alkyl, aralkyl, alkylaryl, alkoxy, heteroalkyl,
aryl, heteroaryl, heteroarylalkyl, dimethylaminoalkyl, acyl,
sulfonyl, ureyl, or carbamoyl;

W is hydrogen, F, Cl, Br, 1, or OH;

X is hydrogen; and Y is OR”; where R is hydrogen, a
monosaccharide or disaccharide, including aminosugars or
halosugars, alkyl, aryl, heteroaryl, acyl, such as 4-nitro-
phenylacetyl and 2-pyridylacetyl, or —C(O)NR®R®, where
R® and R® are each independently selected from hydrogen,
hydroxy, alkyl, aralkyl, alkylaryl, heteroalkyl, aryl, het-
eroaryl, heteroarylalkyl, alkoxy, dimethylaminoalkyl, acyl,
sulfonyl, ureyl, and carbamoyl; or X and Y taken together
with the attached carbon to form C—0.

In one aspect of the compounds of formula (I), V is C—0;
X and 'Y are taken together with the attached carbon to form
C=0. In another aspect, R' is a monosaccharide that
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includes an optionally protected 2'-hydroxy group. In
another aspect, R' is a monosaccharide that includes a
protected 2'-hydroxy group, where the protecting group is a
sterically hindered acyl group, such as a branched alkyl,
aryl, heteroaryl, arylalkyl, arylalkyl, or heteroarylalkyl acyl
group, each of which is optionally substituted. In another
aspect, -A-B— is alkylene, cycloalkylene, or arylene; and C
is optionally substituted aryl or heteroaryl. In another aspect,
R! is desosamine; -A-B— is 1,4-butylene and C is 4-(3-
aminophenyl). In another aspect, W is F. In another aspect,
R! is desosamine that includes a protected 2'-hydroxyl
group, where the protecting group is a sterically hindered
acyl group. In another aspect, the sterically hindered acyl
group is benzoyl or substituted benzoyl.

In another illustrative embodiment, processes for prepar-
ing compounds of formula (IT) are described:

an

NMe,

wherein R'“ is a sterically hindered acyl group, and A, B, C,
and V are as described herein. In one aspect of the com-
pounds of formula (II), -A-B— is alkylene, cycloalkylene,
or arylene; and C is optionally substituted aryl or heteroaryl.
In another aspect, R'“ is benzoyl; -A-B— is 1,4-butylene
and C is 4-(3-aminophenyl).

In another illustrative embodiment, processes for prepar-
ing compounds of formula (III) are described:

(I

Mile]
s

NMez

wherein A, B, C, and V are as described herein. In one aspect
of the compounds of formula (III), -A-B— is alkylene,
cycloalkylene, or arylene; and C is optionally substituted
aryl or heteroaryl. In another aspect, -A-B— is 1,4-butylene
and C is 4-(3-aminophenyl).
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In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (a) reacting a compound of formula
(Iv):

av

wherein R' is a monosaccharide that includes a 2'-hydroxyl
group, and V, W, X, and Y are as defined herein, with a
sterically hindered acylating agent R'“-L, wherein R'® is a
sterically hindered acyl group and L is a leaving or activat-
ing group, to form the corresponding 2'-acyl derivative.
Iustratively, the process includes the step of (a) reacting
compound (1) with a sterically hindered acylating agent to
form the corresponding 2'-acyl or 2'.4"-diacyl derivative,
compound (2), as follows:

wherein W and R'“ are as defined herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (b) reacting a compound of formula
(IV) with a carbonylating reagent to form a compound of
formula (V):
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where L is a leaving group, and R', V, W, X, and Y are as
defined herein. lllustratively, the process includes the step of
(b) reacting compound (2) with carbonyldiimidazole to
prepare compound (3):

wherein R'® and W are as defined herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (c) reacting a compound of formula
(V) with a compound of formula N,—B-A-NH, to obtain a
compound of formula (VI):

VD

where R, A, B, V, W, X, and Y are as described herein. In
one variation, A and B are taken together to form alkylene,



US 9,453,042 B2

7

cycloalkylene, including spirocycloalkylene, or arylene,
each of which is optionally substituted. Illustratively, the
process includes the step of (c) reacting compound (3) with
N;—B-A-NH, to obtain compound (4):

@)

where R', A, B, and W are as described herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (d) reacting a compound of formula
(1), where X is hydrogen and Y is OR’; where R’ is a
monosaccharide or disaccharide with an acid to prepare the
corresponding compound of formula (I) where R” is hydro-
gen. Illustratively, the process includes the step of (d)
reacting compound (4) with an acid to prepare compound

)

®)

where R'%, A, B, and W are as described herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (e) oxidizing a compound of formula
(D, where X is hydrogen and Y is OH, to prepare the
corresponding compound of formula (I), where X and Y are
taken together with the attached carbon to form C—O.
Ilustratively, the process includes the step of (e) oxidizing
compound (5) with an oxidizing agent to prepare compound

(6):
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where R'®, A, B, and W are as described herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (f) reacting a compound of formula
(D), where W is hydrogen, with a fluorinating agent to
prepare the corresponding compound of formula (I) where
W is F. Illustratively, the process includes the step of (f)
reacting compound (6) with a fluorinating agent to prepare
compound (7):

O

where R, A, and B are as described herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of converting the azide group on a
compound of formula (VI) into the corresponding com-
pound of formula (I) having a 1,2,3-triazole group. [llustra-
tively, a process is described for preparing a compound of
formula (1), (I), or (IIT) comprising the step of (g) reacting
a compound of formula (VI) with an R*R>-substituted
alkyne to obtain a compound of formula (VII):

(VID)

=
e

w/z
ant
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where R* and R are each independently selected from the
group consisting of hydrogen, alkyl, heteroalkyl, aryl, and
heteroaryl, each of which is optionally substituted, and R*,
A, B, V, W, X, and Y are as described herein. In one aspect,
both R* and R® are not hydrogen. In another aspect, at least
one of R* and R® is hydrogen. In one variation, A and B are
taken together to form alkylene, cycloalkylene, including
spirocycloalkylene, or arylene, each of which is optionally
substituted. [llustratively, the process includes the step of (g)
performing a Huisgen cyclization in the presence of a copper
catalyst and base on compound (7) to prepare compound (8):

®

LN

/ z

where R, A, and B are as described herein.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I) comprising the step
(h) of reacting a compound of formula (I), where R® is a
monosaccharide or polysaccharide having a acyl protecting
group, with an alcohol to prepare the corresponding depro-
tected compound of formula (I). In one variation, a process
is described for preparing a compound of formula (III)
comprising the step of reacting a compound of formula (II)
with an alcohol. Illustratively, the process includes the step
of (h) reacting compound (8) with an alcohol to prepare
compound (9):

©

LN

where A and B are as defined herein.

It is appreciated that the processes described herein may
be advantageously performed simply and cost-effectively. It
is further appreciated that the processes described herein
may be scaled to large production batches. It is further
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appreciated that the processes described herein are per-
formed in fewer steps than conventional processes. It is
further appreciated that the processes described herein are
performed in more convergent steps and fewer linear steps
than conventional processes. It is further appreciated that the
processes described herein may concomitantly produce
fewer or different side products than known processes. It is
further appreciated that the processes described herein may
yield compounds described herein in higher purity than
known processes.

DETAILED DESCRIPTION

In one illustrative embodiment, processes are described
herein for preparing compounds of formulae (1), (II), and
(IIT) wherein R" is a monosaccharide or polysaccharide. In
one aspect, the monosaccharide is an aminosugar or a
derivative thereof, such as a mycaminose derivatized at the
C-4' position, desosamine, a 4-deoxy-3-amino-glucose
derivatized at the C-6' position, chloramphenicol, clindamy-
cin, and the like, or an analog or derivative of the foregoing.
In another aspect, the polysaccharide is a disaccharide, such
as a mycaminose derivatized at the C-4' position with
another sugar or a 4-deoxy-3-amino-glucose derivatized at
the C-6' position with another sugar, a trisaccharide, such as
an aminosugar or halosugar, or an analog or derivative of the
foregoing. In another embodiment, R* is desosamine, or an
analog or derivative thereof. It is to be understood that in this
and other embodiments, derivatives include protected forms
of the monosaccharide or polysaccharide.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)

comprising the step of (a) of reacting a compound of formula
Iv):

av

wherein R' is a monosaccharide that includes a 2'-hydroxyl
group, and V, W, X, and Y are as defined herein, with a
sterically hindered acylating agent R'“-L, wherein R'“ is a
sterically hindered acyl group and L is a leaving or activat-
ing group, to form the corresponding 2'-acyl derivative. It is
appreciated that additional hydroxyl groups present on R* or
that are included in the group Y may also be acylated in the
process.

Iustrative sterically hindered acyl or diacyl derivatives
include but are not limited to cyclohexylcarbonyl, benzoyl,
pivaloyl, and the like. A wide variety of activating groups for
forming the acyl derivative may be used to prepare the
required acylating agent, including but not limited to anhy-
drides, chlorides, triflates, bromides, and the like. In one
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aspect, the sterically hindered acylating agent is benzoic
anhydride, or an equivalent activated benzoyl reagent
capable of forming a benzoyl ester at the 2' or both the 2' and
4' positions of a compound of formula (IV), or alternatively

compound (1). Illustratively, the process includes the step of 3

(a) reacting compound (1) with a sterically hindered acylat-
ing agent to form the corresponding 2'-acyl or 2'.4"-diacyl
derivative, compound (2), as follows:

wherein W and R'“ are as defined herein. In another aspect
of the compounds of formulae (IV), (1), and (2), W is F. In
one aspect of the conversion of (1) to (2), R* is an
optionally substituted benzoyl group, and step (a) includes
benzoic anhydride, or an equivalent activated benzoylating
reagent capable of forming the benzoyl ester at the 2' or both
the 2' and 4' positions of a compound of formula (IV), or
alternatively compound (1).

Step (a) is generally performed in the presence of a
solvent and a base. Illustrative solvents include, but are not
limited to, ethyl acetate, dichloromethane, acetone, pyridine
and the like, and mixtures thereof. Illustrative bases include
but are not limited to inorganic bases, such as sodium and
potassium bicarbonates and carbonates, sodium and potas-
sium hydroxides, and the like, and mixtures thereof; and
amine bases, such as pyridine, dimethylaminopyridine
(DMAP), triethylamine (TEA), diisopropylethylamine (DI-
PEA, Hiinigs base), 1,4-diazabicyclo[2.2.2]octane
(DABCO), and the like, and mixtures thereof. The reaction
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may be performed at a variety of temperatures, such as in the
range from about 0° C. to about 60° C., and illustratively at
about 10° C. to about 30° C.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (b) reacting a compound of formula
(IV) with a carbonylating reagent to form a compound of
formula (V):

—_—

av

V)

where L is a leaving group, and R', V, W, X, and Y are as
defined herein. Step (b) is generally performed in presence
of a polar solvent and a base to obtain a compound of
formula (V). Illustrative carbonylating agents include
methyl chloroformate, benzyl chloroformate and phenyl-
chloroformate, carbonyldiimidazole, phosgene, diphosgene,
triphosgene, 1,1'-carbonylbis(2-methylimidazole), [[1,1'-
carbonyldipiperidine, bis(pentamethylene)urea]], dimethyl-
carbonate, diethylcarbonate, dipropylcarbonate, and the like.
Tlustrative polar solvents include, but are not limited to,
dimethylformamide (DMF), acetonitrile, THF, methy] tetra-
hydrofuran, and the like, and mixtures thereof. Illustrative
bases include, but are not limited to, DBU, DABCO, TEA,
DIPEA, and the like, and mixtures thereof. The reaction may
be performed at a variety of temperatures, such as in the
range from about 0° C. to about 60° C., and illustratively at
ambient temperature. [llustratively, the process includes the
step of (b) reacting compound (2) with carbonyldiimidazole
to prepare compound (3):
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wherein R'“ and W are as defined herein. In another illus-
trative example, the process includes the step of reacting
compound (2) with carbonyldiimidazole in the presence of
DBU to prepare compound (3). In another aspect of the
compounds of formulae (V) and (3), W is F. In one variation,
compounds (1V) are first treated with Ms,O/pyridine, then
DBU/acetone, then NaH/CDI/DMF at -10° C. to prepare
compounds (V).

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (c) reacting a compound of formula
(V) with a compound of formula N;—B-A-NH, to obtain a
compound of formula (VI):

VD

where R', A, B, V, W, X, and Y are as described herein. In
one variation, A and B are taken together to form alkylene,
cycloalkylene, including spirocycloalkylene, or arylene,
each of which is optionally substituted. Illustrative groups
-A-B— include but are not limited to 1,4-butylene, 1,4-
pentylene, 1,5-pentylene, 1,1-cyclopropylidene, 1,1-cyclo-
pentylidene, 1-cycloprop-1-ylpropyl, and the like. In one
aspect, -A-B— is linear C,-C,, alkylene. In another aspect,
-A-B— is linear C;-C; alkylene. In another aspect, -A-B—
is 1,4-butylene.

Step (c) is generally performed in the presence of a polar
solvent, including polar protic and polar aprotic solvents, or
a mixture thereof. Illustrative polar protic solvents include,
but are not limited to water, alcohols, such as methanol,
ethanol, isopropanol, n-propanol, n-butanol, iso-butyl alco-
hol, tert-butyl alcohol, methoxyethanol, ethoxyethanol, pen-
tanol, neo-pentyl alcohol, tert-pentyl alcohol, cyclohexanol,
ethylene glycol, propylene glycol, benzyl alcohol, forma-
mide, N-methylacetamide, N-methylformamide, glycerol,
and the like, and mixtures thereof. Illustrative polar aprotic
solvents include, but are not limited to dimethylformamide
(DMF), dimethylacetamide (DMAC), 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (DMPU), 1,3-dimethyl-2-
imidazolidinone (DMI), N-methylpyrrolidinone (NMP),
acetonitrile, dimethylsulfoxide, propionitrile, ethyl formate,
methyl acetate, hexachloroacetone, HMPA, HMPT, acetone,
ethyl methyl ketone, ethyl acetate, isopropyl acetate, t-butyl
acetate, sulfolane, N,N-dimethylpropionamide, nitrometh-
ane, nitrobenzene, tetrahydrofuran (THF), methyl tetrahy-
drofuran, dioxane, polyethers, and the like, and mixtures
thereof. Additionally, step (¢) can be performed in the
presence of an additional base. [llustrative bases include, but
are not limited to DBU, DABCO, TEA, DIPEA, and the like,
and mixtures thereof.

Tlustratively, the process includes the step of (c) reacting
compound (3) with N;—B-A-NH, to obtain compound (4)
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)

where R'®, A, B, and W are as described herein. In one
illustrative embodiment, the mole equivalent ratio of
N;—B-A-NH, to compound (3) is from about 4 to 1 to about
3 to 1. In another illustrative embodiment, the mole equiva-
lent ratio of N;—B-A-NH, to compound (3) is about 3 to 1.
In another illustrative embodiment, the mole equivalent ratio
of N;—B-A-NH, to compound (3) is about 3 to 1 and the
additional base is DBU in a mole equivalent ratio to com-
pound (3) of from about 1 to 1 to about 0.75 to 1. In another
illustrative embodiment, the mole equivalent ratio of
N;—B-A-NH, to compound (3) is about 3 to 1 and the
additional base is DBU in a mole equivalent ratio to com-
pound (3) of about 0.75 to 1.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (d) reacting a compound of formula
(1), where X is hydrogen and Y is OR’; where R” is a
monosaccharide or disaccharide with an acid to prepare the
corresponding compound of formula (I) where R” is hydro-
gen. [llustrative acids include, but are not limited to, hydro-
chloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, perchloric acid, trifluoroacetic acid, formic
acid, hydrofluoric acid, and the like, and mixtures thereof. In
one variation, the acid is hydrochloric acid. Step (d) is
generally performed in a solvent such as water, a polar
organic solvent, including alcohols such as methanol, etha-
nol, isopropanol, n-propanol, tert-butanol, n-butanol, and the
like, and mixtures thereof. Step (d) may be performed at a
wide variety of temperatures, including temperatures in the
range from about 0° C. to about 70° C., and illustratively in
the range from about 20° C. to about 60° C.

Tustratively, the process includes the step of (d) reacting
compound (4) with an acid to prepare compound (5):

®)
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where R', A, B, and W are as described herein. In one
aspect of the compounds of formulae (VI), (4), and (5), W
is F. Illustrative acids used in step (d) include, but are not
limited to trifluoroacetic acid, formic acid, hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, perchloric acid, hydrofluoric acid, and the like, and
mixtures thereof.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (e) oxidizing a compound of formula
(D, where X is hydrogen and Y is OH, to prepare the
corresponding compound of formula (I), where X and Y are
taken together with the attached carbon to form C—0, Step
(e) is generally performed using conventional oxidizing
reagents and conditions, including but not limited to Corey-
Kim oxidation, such as dimethylsulfide/N-chlorosuccinim-
ide (DMS/NCS), di-n-butylsulfide/N-chlorosuccinimide,
Dess-Martin reagent, Pfitzner-Moffat methods and modifi-
cations thereof, Swern conditions, such as DMSO/oxalyl
chloride, DMSO/phosphorous pentoxide, DMSO/p-toluene
sulfonyl chloride, DMSO/acetic anhydride, DMSO/trifluo-
roacetic anhydride, and DMSO/thionyl chloride, manga-
nese, chromium and selenium reagents, tertiary amine
oxides, Ni(Ac),/hypochlorite, DMSO/EDAC.HCl/pyri-
dine.TFA and the like, and variations thereof, such as by
including one or more phase-transfer catalysts.

Tlustratively, the process includes the step of (e) oxidizing
compound (5) with an oxidizing to prepare compound (6):

©)

where R'%, A, B, and W are as described herein. In one
aspect of the compounds of formula (6), W is F. In one
illustrative aspect, the oxidizing agent is selected from
Swern conditions such as DMSO/EDAC.HCl/pyridine. TFA,
Dess-Martin conditions, Corey-Kim conditions, such as
dimethylsulfide/N-chlorosuccinimide, Jones reagent and
other chromium oxidizing agents, permanganate and other
manganese oxidizing agents, Ni(Ac),/hypochlorite, and oth-
ers. The oxidation is illustratively carried out using dimeth-
ylsulfide, N-chlorosuccinimide and triethylamine in meth-
ylene chloride at a temperature of from about -20° C. to 0°
C. In another illustrative embodiment, the oxidation is
carried out using the Dess-Martin periodinane in methylene
chloride at a temperature from about 5° C. to about 30° C.
In another illustrative embodiment, the oxidation is carried
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out using the Dess-Martin periodinane in methylene chloride
at a temperature from about 5° C. to about 30° C. utilizing
a mole-equivalent ratio of Dess-Martin periodinane to com-
pound (5) of from about 3.3 to 1 to about 1.3 to 1. In another
illustrative embodiment, the oxidation is carried out using
the Dess-Martin periodinane in methylene chloride at a
temperature from about 5° C. to about 30° C. utilizing a
mole-equivalent ratio of Dess-Martin periodinane to com-
pound (5) of about 1.3 to 1.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of (f) reacting a compound of formula
(D), where W is hydrogen, with a fluorinating agent to
prepare the corresponding compound of formula (I) where
W is F. Illustratively, the process includes the step of (f)
reacting compound (6) with a fluorinating agent, such as
(PhSO,),N—F (NFSI or N-fluorosulfonimide), F-TEDA,
F-TEDA-BF,, 1-fluoro-4-hydroxy-1,4-diazoniabicyclo
[2.2.2]octane bis(tetrafluoroborate), and the like, in the
presence of solvent and base, such as t-BuOK, to prepare
compound (7):

O

where R, A, and B are as described herein. It is appreciated
that other combinations of fluorinating agents and bases may
be used to prepare compound (7). The fluorination reaction
is generally performed in the presence of an inorganic base,
such as sodium hydride, sodium or potassium carbonate,
sodium or potassium bicarbonate and the like; an organic
base, such as triethylamine, DABCO, potassium tert-butox-
ide, and the like; or a combination thereof. The fluorination
reaction is generally performed in the presence of a solvent,
including but not limited to, tetrahydrofuran, methyltetra-
hydrofuran, and the like, or mixtures thereof. In one illus-
trative embodiment, the fluorination agent is N-fluorosulfo-
nimide, the base is potassium tert-butoxide, and the solvent
is tetrahydrofuran. In another illustrative embodiment the
mole equivalent ratio of N-fluorosulfonimide to compound
(6) is from about 1.3 to 1 to about 1.2 to 1.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I), (II), or (III)
comprising the step of converting the azide group on a
compound of formula (VI) into the corresponding com-
pound of formula (I) having a 1,2,3-triazole group. [llustra-
tively, a process is described for preparing a compound of
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formula (1), (I), or (IIT) comprising the step of (g) reacting
a compound of formula (VI) with an R*R-substituted
alkyne to obtain a compound of formula (VII):

(VID)

o

&
~

unl

where R* and R are each independently selected from the
group consisting of hydrogen, alkyl, heteroalkyl, aryl, and
heteroaryl, each of which is optionally substituted, and R*,
A, B, V, W, X, and Y are as described herein. In one aspect,
both R* and R’ are not hydrogen. In another aspect, at least
one of R* and R’ is hydrogen. In another aspect of the
compounds of formula (VII), W is F. In one variation, A and
B are taken together to form alkylene, cycloalkylene, includ-
ing spirocycloalkylene, or arylene, each of which is option-
ally substituted. Illustrative substituted alkynes include
alkynes substituted with aromatic groups, substituted aro-
matic groups, heterocyclic groups, substituted heterocyclic
groups, alkyl groups, branched alkyl groups, substituted
alkyl groups, such as alkyl groups substituted with amino
groups, including primary, secondary, and tertiary amino
groups, one or more halogens, hydroxyls, ethers, including
alkyl and aromatic ethers, ketones, thioethers, esters, car-
boxylic acids, cyanos, epoxides, and the like.
Tlustratively, the process includes the step of (g) perform-

ing a Huisgen cyclization in the presence of a copper catalyst
and base on compound (7) to prepare compound (8):

®
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where R', A, and B are as described herein. Huisgen
cyclization in step (g) is carried out either solvent-free, in
water or in an organic solvent such as acetonitrile or toluene,
in the presence of base. Illustrative bases include but are not
limited to organic bases, including alkyl and heteroaryl
bases, triethylamine, diisopropylethylamine,
DABCO, pyridine, lutidine, and the like, and inorganic
bases, such as NaOH, KOH, K,CO,, NaHCO;, and the like.
The base is illustratively diisopropyl ethyl amine (DIPEA).
In one embodiment the ratio of 3-aminophenylethyne to
compound (7) is from about 1.5 to 1 to about 1.2 to 1 and
the ratio of DIPEA to compound (7) is from about 10 to 1
to about 4 to 1. The reaction is carried out at temperatures
ranging from 20° C. to 80° C. The reaction may also be
promoted with the use of a catalyst, including but not limited
to a copper halide, illustratively copper iodide. The ratio of
Cul to azide (VI) or (7) is illustratively from about 0.01 to
1 to about 0.1 to 1. In one illustrative example, the ratio of
Cul to azide (VI) or (7) is 0.03 to 1. In an alternate
embodiment, the catalyst is an organic catalyst, such as
phenolphthalein. Additional reaction conditions are
described by Sharpless et al. in U.S. Patent Application
Publication No. US 2005/0222427, Liang et al. in Bioorg.
Med. Chem. Lett. 15 (2005) 1307-1310, and Romero et al.
in Tetrahedron Letters 46 (2005) 1483-1487, the disclosures
of which are incorporated herein by reference.

In another illustrative embodiment, a process is described
for preparing a compound of formula (I) comprising the step
(h) of reacting a compound of formula (I), where R' is a
monosaccharide or polysaccharide having a acyl protecting
group, with an alcohol to prepare the corresponding depro-
tected compound of formula (I). In one variation, a process
is described for preparing a compound of formula (III)
comprising the step of reacting a compound of formula (II)
with an alcohol. Illustratively, the process includes the step
of (h) reacting compound (8) with an alcohol to prepare
compound (9):

such as

©

H,N

where A and B are as defined herein. The alcohol used in
step (h) may be selected from methanol, ethanol, n-propa-
nol, isopropanol, tert-butanol, n-butanol or mixtures thereof.
Tlustratively, the alcohol is methanol. The reaction is carried
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out at a temperature of about 0° C. to about 100° C. and
preferably at about 20° C. to about 70° C. This reaction can
also be carried out in presence of mineral acid selected from
group comprising of HCI, H,SO, and the like, and mixtures
thereof. In one illustrative embodiment the reaction is car-
ried out in methanol at a temperature of about 55° C.

It is to be understood that the steps described above for the
various processes may generally be performed in a different
order.

In another embodiment, processes are described herein
for preparing compounds of formulae (I), (II), and (III),
where the process includes the following steps:
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-continued

R

=

=,

where R! is a monosaccharide that includes a 2'-hydroxyl
group acylated with a sterically hindered acylating agent
R'“-L, wherein R'“ is a sterically hindered acyl group and L
is a leaving or activating group; and R*, R°>, A, B, V, W, X,
and Y are as defined herein. The steps (b), (c), and (g) are
performed as described herein.

In another embodiment, processes are described herein
for preparing compounds of formulae (I), (II), and (III),
where the process includes the following steps:

®



H,N

21

US 9,453,042 B2

-continued

@

0 )

22

©

©

(g



US 9,453,042 B2

23

24

-continued

LN

where R! is a monosaccharide that includes a 2'-hydroxyl
group acylated with a sterically hindered acylating agent
R'“-L, wherein R’ is a sterically hindered acyl group and L
is a leaving or activating group; and A, B, and W are as
defined herein. The steps (a), (b), (c), (d), (e), (), (g), and (h)
are performed as described herein.

In another embodiment, intermediates useful for the
preparation of compounds of formulae (I), (II), and (III) are
described herein. Such intermediates include compounds of
formula (IV), (V), (VI), and (VII), as well as compounds (1),
(2), 3), (4), (5), (6), (7), (8), and (9). It is understood that
such compounds are themselves useful in treating diseases,
such as bacterial infections, and the like. It is also under-
stood that such compounds may also be useful in the
preparation of antibiotic, antibacterial, anti-infective, and/or
antiviral compositions.

In another embodiment, the processes described herein
are useful for preparing compounds of formulae (1), (II), and
(IIT) in higher yields and/or purity than conventional pro-
cesses. In one aspect, the processes described herein allow
for the direct introduction of an azide side chain onto the
macrolide without requiring the prior activation of a side
chain hydroxyl group, such as by using tosyl chloride or an
equivalent activating group, and subsequent conversion into
the corresponding side chain azide group. The direct intro-
duction of the azide side chain as described herein reduces
the overall number of synthetic steps that must be performed
in preparing compounds of formulae (I), (II), and (III).
Conventional syntheses disclose the introduction of a side
chain containing an alcohol group that must be converted
into the azide in a linear sequence in at least two steps.

In another aspect, the processes described herein decrease
the number of side product reactions that take place and
correspondingly may decrease the number of undesired
impurities found during the preparation of compounds of
formulae (1), (II), and (I1I). The processes described herein
include the use of a sterically hindered acyl group that
functions both to protect a hydroxyl group on the saccharide
moieties of the macrolide and also functions to decrease the
likelihood of acyl migration from the saccharide to other
functional groups on the compounds of formulae (I), (II),
and (IIT). For example, it has been discovered that unhin-
dered acyl groups, such as acetyl groups, present on the C-5
saccharide may migrate to other positions on the macrolide.
In particular, it has been discovered that in the case of
compounds (7), when R'? is acetyl, the acetyl protecting
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group migrates from desosamine to the aniline amino group
of side chain, resulting in undesired product and subsequent
additional purification steps. As described herein, the use of
a sterically hindered acyl protecting group solves the prob-
lem of acyl migration reaction during the Huisgen cycliza-
tion. It is appreciated that avoiding the acyl migration may
result in both an improved yield as well as improved purity.
Accordingly, it has been discovered that compounds of
formula (1), and in particular compounds (8) and (9) may be
isolated by precipitation, filtration, centrifugation, decanta-
tion, and like processes without the need for chromato-
graphic methods of purification. It is appreciated that com-
pounds of formula (I), and in particular compound (9), can
be further purified by solid-liquid adsorption chromatogra-
phy. In one illustrative embodiment, the adsorbent solid is
selected from a reverse-phase adsorbent, silica gel, alumina,
magnesia-silica gel, or the like, and the elutant is selected
from ethyl acetate, isopropyl acetate, methylene chloride,
heptane, cyclohexane, toluene, acetonitrile, methanol, iso-
propanol, ethanol, THF, water or the like, or combinations
thereof. In another illustrative example, the solid adsorbent
is magnesia-silica gel.

In another aspect, the processes described herein improve
the purity of the compounds of formulae (1), (II), and (III)
described herein, and/or improve the purification of the
compounds described herein. The processes described
herein include the use of a sterically hindered acyl group that
functions both to protect a hydroxyl group on the saccharide
moieties of the macrolide and also functions to provide more
effective purification of the compounds. For example, it has
been discovered that performing the Huisgen cyclization
leads to a mixture of triazole compound of formula (VII) and
unreacted ethyne compound. When the triazole compound
of formula (VII) includes a monosaccharide at R* that is not
protected as described herein, the two compounds are dif-
ficult to separate. In contrast, when the triazole compound of
formula (VII) does include a 2'-acyl-protected monosaccha-
ride at R!, the triazole compound of formula (VII) is
unexpectedly more easily separated from the unreacted
ethyne compound. Accordingly, it has been discovered that
compounds of formula (VII), and in particular compounds
(8) and (9) may be isolated by precipitation, filtration,
centrifugation, decantation, and like processes without the
need for chromatographic methods of purification. It is
appreciated that compounds of formula (I), and in particular
compounds (9), can be further purified by solid-liquid chro-
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matography. In one illustrative embodiment, the adsorbent
solid is selected from a reverse-phase adsorbent, silica gel,
alumina, magnesia-silica gel, and the like, and the elutant is
selected from ethyl acetate, isopropyl acetate, methylene
chloride, heptane, cyclohexane, toluene, acetonitrile, metha-
nol, isopropanol, ethanol, THF, water or the like, or com-
binations thereof. In another illustrative example, the solid
adsorbent is magnesia-silica gel.

In another embodiment, compounds of formulae (I), (II),
and (III) are described herein as having purities greater than
about 98%, greater than about 99%, and greater than about
99.5%. In another embodiment, compounds of formulae (1),
(II), and (III) are described herein as including less than
about 1%, less than about 0.5%, less than about 0.2%, and
less than about 0.1% of any aminophenylethyne compounds.
In another embodiment, compounds of formulae (1), (II), and
(IIT) are described herein as being substantially free or free
of any aminophenylethyne compounds. In another embodi-
ment, compositions including compounds of formulae (1),
(II), and (III) are described herein as including less than
about 1%, less than about 0.5%, less than about 0.15%, and
less than about 0.1% of any aminophenylethyne compounds
compared to the compounds of formulae (I), (II), and (IIT) in
the composition. In another embodiment, compositions
including compounds of formulae (I), (II), and (III) are
described herein as being substantially free or free of any
aminophenylethyne compounds.

The term “aryl,” alone or in combination, refers to an
optionally substituted aromatic ring system. The term aryl
includes monocyclic aromatic rings and polyaromatic rings.
Examples of aryl groups include but are not limited to
phenyl, biphenyl, naphthyl and anthryl ring systems.

The term ‘“heteroaryl” refers to optionally substituted
aromatic ring systems having one or more heteroatoms such
as, for example, oxygen, nitrogen, sulfur, selenium and
phosphorus. The term heteroaryl may include five- or six-
membered heterocyclic rings, polycyclic heteroaromatic
ring systems and polyheteroaromatic ring systems.

As used herein the term aralkyl is equivalent to the term
arylalkyl and denotes one or more unsubstituted or substi-
tuted monocyclic or unsubstituted or substituted polycyclic
aromatic rings attached to an alkyl moiety; illustrative
examples include but are not limited to benzyl, diphenylm-
ethyl, trityl, 2-phenylethyl, 1-phenylethyl, 2-pyridylmethyl,
4.4'-dimethoxytrityl, and the like.

One skilled in the art will also readily recognize that
where members are grouped together in a common manner,
such as in a Markush group, the present invention encom-
passes not only the entire group listed as a whole, but each
member of the group individually and all possible subgroups
of the main group. Accordingly, for all purposes, the present
invention encompasses not only the main group, but also the
main group absent one or more of the group members. The
present invention also envisages the explicit exclusion of
one or more of any of the group members in the claimed
invention.

The term saccharide includes monosaccharides, disaccha-
rides, and polysaccharides, each of which is optionally
substituted. The term also includes sugars and deoxysugars
optionally substituted with amino, amido, ureyl, halogen,
nitrile, or azido groups. Illustrative examples include, glu-
cosamine, N-acetylglucosamine, desosamine, forosamine,
sialic acid, and the like.

The processes described herein are further illustrated by
the following examples. The following examples are
intended to be illustrative and should not be construed or
considered to be limiting in any manner.
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EXAMPLES

Example 1

Preparation of 2',4"-di-O-benzoyl-6-O-methylerythromy-
cin A. 125 mL of ethyl acetate was added to 25 g clarithro-
mycin A. 26.5 g benzoic anhydride, 5.7 g 4-dimethylamino
pyridine and 6.7 g triethylamine were added to the reaction
mixture at 25° C. to 35° C. The reaction mixture was stirred
for about 70 hours at ambient temperature. After completion
of the reaction, ethyl acetate was distilled out to obtain the
title compound.

Example 2

Preparation of 10,11-anhydro-2'.4"-di-O-benzoyl-12-O-
imidazolylcarbonyl-6-O-methylerythromycin A. Dimethyl-
formamide (DMF, 100 mL) was added to 2'.4"-di-O-ben-
z0yl-6-O-methylerythromycin A at 25-35° C., then 1,8-
diazabicyclo[5.4.0Jlundec-7-ene (DBU 6.4 g) was added to
the reaction mixture and stirred at ambient temperature.
1,1'-Carbonyldiimidazole (CDI, 17 g) was added to the
reaction and it was stirred until completion at ambient
temperature. The title compound is isolated by addition of
water, and collecting the resulting precipitate.

Example 3

Preparation of 2'.4"-di-O-benzoyl-11-N-(4-Azidobutyl)-
6-O-methylerythromycin A 11,12-cyclic carbamate. DMF
(50 mL) was added to 10,11-anhydro-2',4"-di-O-benzoyl-
12-O-imidazolylcarbonyl-6-O-methylerythromycin A (10 g)
at 25° C. to 35° C. 4-Azido butyl amine (4.4 g) and DBU
(1.5 g) were added to the reaction mixture, which was stirred
at 25° C. to 35° C. until the reaction was complete. The
mixture was then treated with cold water, and the resulting
solid precipitate was collected. The solid was treated with
dichloromethane followed by extraction and removal of
solvent to give the title compound. The mole-equivalent
ratio of 4-azido butyl amine to 10,11-anhydro-2',4"-di-O-
benzoyl-12-O-imidazolylcarbonyl-6-O-methylerythromy-
cin A is optionally selected to be from about 4 to 1 to about
3 to 1. The molar ratio of DBU to 10,11-anhydro-2',4"-di-
O-benzoyl-12-0O-imidazolylcarbonyl-6-O-methylerythro-
mycin A is optionally selected to be from about 1 to 1 to
about 0.75 to 1.

Example 4

Preparation of 11-N-(4-Azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-hydroxy-6-O-methylerythronolide A 11,12-cy-
clic carbamate. Acetone (10 mL) was added to 2',4"-di-O-
benzoyl-11-N-(4-Azidobutyl)-6-O-methylerythromycin =~ A
11,12-cyclic carbamate (5 g) to obtain a clear solution at 25°
C. to 35° C. Dilute HCI1 (10 mL) was added to the reaction
mixture and it was stirred for 24 hours at ambient tempera-
ture. After the completion of the reaction, the reaction
mixture was extracted with ethyl acetate and treated with a
sodium hydroxide solution to give the title compound.

Example 5

Preparation of 11-N-(4-Azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-0x0-6-O-methylerythronolide A 11,12-cyclic
carbamate. Dichloromethane (50 ml.) was added to N-chlo-
rosuccinimide (2 g) under nitrogen at room temperature
cooled to 0° C. Dimethylsulfide (1.8 mL) was added slowly
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to the reaction mixture at 0° C. under stirring. 11-N-(4-
Azidobutyl)-5-(2'-benzoyldesosaminyl)-3-hydroxy-6-O-

methylerythronolide A 11,12-cyclic carbamate 11,12-cyclic
carbamate (5 g) dissolved in dichloromethane (20 mL) was
added drop wise to the reaction mixture at 0° C. under
stirring. The mixture was cooled to about -20° C. and a
solution of triethylamine (4 mL) in dichloromethane (5 mL.)
was added to the reaction mixture and stirred for 30 minutes.
After completion of the reaction, it is treated with saturated
sodium bicarbonate solution and the organic layer was
isolated. The title compound was obtained by distillation of
the solvent. Additional reaction conditions are described by
Plata, et al, Tetrahedron 60 (2004), 10171-10180, the entire
disclosure of which is incorporated herein by reference.

Example 5A

Preparation of 11-N-(4-Azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-0x0-6-O-methylerythronolide A 11,12-cyclic
carbamate. Oxidation of 11-N-(4-azidobutyl)-5-(2'-benzo-
yldesosaminyl)-3-hydroxy-6-O-methylerythronolide A
11,12-cyclic carbamate (100 g, 0.1225 moles) with Dess-
Martin periodinane (170 g, 0.400 moles) was carried out in
dichloromethane at 10-15° C. Reaction mixture was stirred
at 20-25° C. for 2 hr. The reaction mixture was quenched
with 5% aqueous sodium hydroxide solution. The organic
layer was washed with water and sat. solution of sodium
chloride. The solvent was removed by distillation of the
organic layer and the product was isolated from a mixture of
diisopropyl ether and hexane. The separated solid was
filtered and dried under vacuum at 30-35° C. to give the title
compound. The mole-equivalent ratio of Dess-Martin perio-
dinane to 11-N-(4-azidobutyl)-5-(2'-benzoyldesosaminyl)-
3-hydroxy-6-O-methylerythronolide A 11,12-cyclic carbam-
ate is optionally from about 3.3 to 1 to about 1.3 to 1.

Example 6

Preparation of 11-N-(4-Azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-oxo0-2-fluoro-6-O-methylerythronolide A,
11,12-cyclic carbamate. To a solution of 11-N-(4-azidobu-
tyl)-5-(2'-benzoyldesosaminyl)-3-ox0-6-O-methyleryth-
ronolide A 11,12-cyclic carbamate (5 g) in tetrahydrofuran
(400 mL) was added 7.3 mL of potassium tert-butoxide
followed by addition of 2 g of N-fluorobenzenesulfonimide.
After about 1 hour, the mixture was quenched with water
followed by extraction with dichloromethane. The organic
layers were separated and concentrated to obtain the title
compound.

Example 6B
Example 6

Preparation of 11-N-(4-Azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-oxo0-2-fluoro-6-O-methylerythronolide A,
11,12-cyclic carbamate. To a solution of 11-N-(4-azidobu-
tyl)-5-(2'-benzoyldesosaminyl)-3-ox0-6-O-methyleryth-
ronolide A 11,12-cyclic carbamate (100 g) in tetrahydro-
furan (2200 mL) was added potassium tert-butoxide (28 g)
at —20° C. to -5° C. followed by the addition of N-fluo-
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robenzenesulfonimide (54 g). After about 1 hour, The mix-
ture was quenched with 5% aqueous sodium bicarbonate
solution. The separated organic layer was washed with water
and saturated sodium chloride solution. The solvent was
removed by distillation and remaining material was crystal-
lized from the mixture of isopropyl alcohol and water,
filtered, and dried under vacuum at 40-45° C. to yield the
title compound. The mole-equivalent ratio of N-fluoroben-
zenesulfonimide to 11-N-(4-azidobutyl)-5-(2'-benzoyldes-
osaminyl)-3-0x0-6-O-methylerythronolide A 11,12-cyclic
carbamate is optionally from about 1.6 to 1 to about 1.2 to
1. The ratio of solvent (mL) to 11-N-(4-azidobutyl)-5-(2'-
benzoyldesosaminyl)-3-0x0-6-O-methylerythronolide ~ A
11,12-cyclic carbamate is optionally from about 22 to 1 to
about 17 to 1.

Example 7

11-N-(3-amino-phenyl-1-ylmethyl-[1,2,3]-triazole-1-y]]
butyl)-5-(2'-benzoyldesosaminyl)-3-oxo-2-fluoro-eryth-
ronolide A, 11,12-cyclic carbamate. 11-N-(4-Azidobutyl)-5-
(2'-benzoyldesosaminyl)-3-0x0-2-fluoro-6-O-
methylerythronolide A, 11,12-cyclic carbamate (10 g),
3-ethynylphenylamine (2.11 g), copper iodide (0.3 g) and
diisopropylethylamine (15.5 g) were taken in acetonitrile
(200 mL) and stirred for 20 hours at room temperature. After
completion of the reaction, the reaction mixture was
quenched with dilute HCI and extracted with dichlorometh-
ane. The organic layer was neutralized with a bicarbonate
solution, dried and concentrated to obtain the title com-
pound.

Example 7B

11-N-(3-amino-phenyl-1-ylmethyl-[1,2,3]-triazole-1-y]]

butyl)-5-desosaminyl-3-oxo-2-fluoro-erythronolide A,
11,12-cyclic carbamate. 11-N-(3-amino-phenyl-1-ylmethyl-
[1,2,3]-triazole-1-yl|butyl)-5-(2'-benzoyldesosaminyl)-3-

ox0-2-fluoro-6-O-methylerythronolide A, 11,12-cyclic car-
bamate (100 g), 3-ethynylphenylamine (20 g), copper iodide
(10 g) and diisopropylethylamine (155 g) were taken in
acetonitrile 600 mL) and stirred for 12 hours at 25° C. to 30°
C. The mole equivalent ratio of 3-ethynylphenylamine to
11-N-(3-amino-phenyl-1-ylmethyl-[1,2,3]-triazole-1-yl|bu-
tyl)-5-(2'-benzoyldesosaminyl)-3-oxo-2-fluoro-6-O-methyl-
erythronolide A, 11,12-cyclic carbamate is optionally from
about 1.5 to 1 to about 1.2 to 1. After completion of the
reaction, the reaction mixture was poured into dilute HCI
and extracted with diisopropylether. The aqueous layer was
extracted with dichloromethane. The dichloromethane layer
was neutralized with aqueous sodium bicarbonate, dried
(NaSO,) and concentrated to obtain the title compound. This
material was added to methanol (600 mL) and the resulting
mixture heated at 50° C. to 55° C. for 12 hours. The solution
was treated with activated carbon (10 g), filtered and con-
centrated under reduced pressure. The residue was dissolved
in a mixture of water and EtOAc. The pH of the aqueous
phase was adjusted to about 3.5. The organic layer was
separated and the aqueous layer was extracted with ethyl
acetate (two times) followed by diisopropylether (two
times). The resulting aqueous layer was added to aqueous
ammonia (1000 mL of about 4% ammonia). The precipitated
solid was collected by filtration, washed with water, until the
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pH of the wash was about 7 to 8 and dried under reduced
pressure to obtain the title compound. This material
is optionally further purified by recrystallization from etha-
nol.

Example 8

11-N-(3-amino-phenyl-1-ylmethyl-[1,2,3]-triazole-1-yl]

butyl)-5-desosaminyl-3-oxo-2-fluoro-erythronolide A,
11,12-cyclic carbamate. 11-N-(3-amino-phenyl-1-ylmethyl-
[1,2,3]-triazole-1-yl|butyl)-5-(2'-benzoyldesosaminyl)-3-
oxo-2-fluoro-erythronolide A, 11,12-cyclic carbamate (6 g)
was dissolved in methanol (60 mL) and heated at reflux for
7 hours. After the completion of reaction, the mixture was
concentrated, diluted with diisopropylether (30 mL) and
stirred at ambient temperature for 2 hours. The resulting
solid was collected by filtration. The solid is optionally
purified by precipitation, crystallization or chromatography.
Optionally, the material is converted to a salt by addition of
an acid followed by precipitation of the salt. Analysis of the
material indicated the title compound with >98% purity.
Examples 1-8 were repeated to prepare a 5 kg sample of the
title compound of Example 8. It was determined that the
large sample contained less than about 0.1% aminophenyl-
ethynes, or about 0.07% aminophenylethynes.

Example 9

Purification of 11-N-(3-amino-phenyl-1-ylmethyl-[1,2,
3]-triazole-1-yl|butyl)-5-desosaminyl-3-oxo-2-fluoro-eryth-
ronolide A, 11,12-cyclic carbamate. Florisil (21 kg) was
loaded into a column containing 63 L of ethyl acetate. A
solution of 1.4 kg of 11-N-(3-amino-phenyl-1-ylmethyl-[1,
2,3]-triazole-1-yl|butyl)-5-desosaminyl-3-oxo-2-fluoro-
erythronolide A, 11,12-cyclic carbamate in 14 L ethyl
acetate and 0.7 L of acetonitrile is passed through the
column. The eluent is collected. Ethyl acetate (112 L) is
passed through the column and the eluent is combined with
the first fraction. This process is repeated 4 additional times.
The combined eluent solutions are concentrated and the
residue was dissolved in 39 L of ethyl alcohol by heating to
50-55° C. The volume is reduce to about 22 L and cooled to
25-30° C. The solution is stirred for 5-6 hours. The resultant
solid is collected and washed with cold ethyl alcohol. The
wet cake is dissolved in a solution of ethyl acetate/acetoni-
trile (15 L/0.5 L per kg of wet cake) by heating to 40-45° C.
Additional ethyl acetate (20 L per kg of wet cake) is added
to the solution. This solution is passed through a Florisil
column (15 kg/kg wet cake). The eluent is collected. The
column is flushed with ethyl acetate (80 L per kg of wet
cake). The eluent is collected and combine with the first
eluent. The combined eluent solutions are concentrated and
the residue was dissolved in 39 L of ethyl alcohol by heating
to 50-55° C. The volume is reduce to about 22 L and cooled
to 25-30° C. The solution is stirred for 5-6 hours. The
resultant solid is collected and washed with cold ethyl
alcohol. The filter cake is added to 50 L of water cooled to
10-15° C. Cone. HCI (0.97 L) is slowly added at 10-15° C.
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to obtain a clear solution. The solution is filtered. The filtrate
is slowly added to a solution of aqueous ammonia (0.79 L
ammonia in 28 L water) at 10-25° C. The resulting mixture
is stirred for 30 minutes and the solid is collected by
centrifugation. The solid was dried at 45-50° C. until the
moisture content was not more than 1.5%.

Example 9A

11-N-(3-amino-phenyl-1-ylmethyl-[1,2,3]-triazole-1-yl]
butyl)-5-desosaminyl-3-oxo-2-fluoro-erythronolide A,
11,12-cyclic carbamate is optionally purified by dissolving
material in a minimum amount of a solvent and adding an
acid to the mixture to form a solid that precipitates from the
solvent or precipitates after addition of a second solvent to
the acidified mixture.

Example 10

Preparation of the 4-azido-butylamine. 1,4-Dibromobu-
tane was dissolved in warm DMF and treated with sodium
azide (three mole-equivalents). After the reaction was com-
plete, the reaction mixture was diluted with water and the
1,4-diazido-butane was extracted into methyl t-butyl ether.
Triphenylphosphine (1.08 mole-equivalents) was added the
solution of 1,4-diazido-butane. When the reaction was com-
plete the mixture was diluted with 5% hydrochloric acid
until hydrolysis was complete. The acidic aqueous layer was
separated, made basic with dilute sodium hydroxide. The
resulting product was extracted into methylene chloride. The
organic layer was separated and concentrated under reduced
pressure to obtain the title material. The preparation of
1,4-diazido-butane is optionally performed with a mole-
equivalent ratio to sodium azide of from about 1 to 3 to about
1 to 5. 1,4-Diazido-butane is optionally reduced to 4-azido-
butylamine with other reducing agents, for example, sodium
borohydride.

Comparative Example 1

The process described by Romero et al, in Tetrahedron
letters, 46:1483-1487 (2005), for the preparation of

macrolides is as follows:

NMez

a,b,c,
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(a) 4-aminobutan-1-ol, DMF; (b) TsCl, pyridine; (c)
NaN;, DMF, 80° C. In this Example, the azide side chain is
introduced by first reacting the activated acylated allylic
alcohol at C-12 with 4-amino-1-butanol, subsequently acti-
vating the side chain hydroxyl group with tosyl chloride, and
finally reacting with NaNj to prepare the corresponding side
chain azide (see generally, US Patent Appl. Pub. No. 2006/
0100164). This comparative process necessarily requires at
least two steps to introduce the azide group onto the side
chain.

Comparative Example 2

The process described by Liang et al. and Romero et al.
(Tetrahedron letters, 46:1483-1487 (2005)) for the prepara-
tion of macrolides is as follows:

1|\1/ NH,

CuL, Tol, 70° C.
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where the Huisgen reaction is performed on the unprotected
desosamine. It was discovered that this lack of protection
lead to the formation of side products. It was also surpris-
ingly discovered that the reagent 3-aminophenylethyne was
difficult to remove from the unprotected final product triaz-
ole. Further, it was discovered that conversion of the corre-
sponding 2'-acetyl protected derivative to the 1,2,3-triazol in
a Huisgen cyclization lead to concomitant acetyl migration
from the desosamine sugar to the amino group of side chain
aniline fragment, resulting in undesired product formation,
correspondingly lower yields, and the need for subsequent
purification steps.

What is claimed is:
1. A process comprising (c) reacting a compound of

formula (V)

V)

with a compound of formula N;—B—A—NH, to obtain a
compound of formula (VI)

VD

wherein:

R'? is a monosaccharide or disaccharide that includes a
2"-hydroxy group acylated with R'“ wherein R'“is a
sterically hindered acyl group; and L is a leaving group;

A is —CH,—, —C(0)—, —C(0)0O—, —C(O)NH—,
—8(0),—, —S(0),NH—, —C(ONHS(0),—;

B is —(CH,),— where n is an integer ranging from 0-10,
or B is an unsaturated carbon chain of 2-10 carbons;
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V is —C(0)—, —C(=NR'")—, —CH(NR'"’R"*)—, or
—N(R"™)CH,—; where R'* is hydroxy or alkoxy, R'?
and R*? are each independently selected from the group
consisting of hydrogen, hydroxy, alkyl, aralkyl, alky-
laryl, alkoxy, heteroalkyl, aryl, heteroaryl, heteroaryl-
alkyl, dimethylaminoalkyl, acyl, sulfonyl, ureyl, and
carbamoyl; R'* is hydrogen, hydroxy, alkyl, aralkyl,
alkylaryl, alkoxy, heteroalkyl, aryl, heteroaryl, het-
eroarylalkyl, dimethylaminoalkyl, acyl, sulfonyl, ureyl,
or carbamoyl;
W is hydrogen, F, Cl, Br, I, or OH; and
X is hydrogen; and Y is OR”; where R” is hydrogen, a
monosaccharide, a disaccharide, alkyl, aryl, heteroaryl,
acyl, or —C(O)NR®R®, where R® and R® are each
independently selected from hydrogen, hydroxy, alkyl,
aralkyl, alkylaryl, heteroalkyl, aryl, heteroaryl, het-
eroarylalkyl, alkoxy, dimethylaminoalkyl, acyl, sulfo-
nyl, ureyl, or carbamoyl; or X and Y taken together
with the attached carbon to form C—O; and pharma-
ceutically acceptable salts, solvates, and hydrates
thereof.
2. A process of claim 1, wherein V is C—0.
3. The process of claim 2 wherein -A-B— is alkylene.
4. The process of claim 2 wherein R'? is desosamine.
5. The process of claim 2 wherein R'“ is selected from the
group consisting of branched alkyl, aryl, heteroaryl, arylal-
kyl, and heteroarylalkyl acyl groups, each of which is
optionally substituted.
6. The process of claim 4 wherein R'® is optionally
substituted benzoyl.

7. The process of claim 2 wherein W is hydrogen or F.

8. The process of claim 2 wherein X is hydrogen; and Y
is OR7, where R’ is cladinose.

9. The process of claim 1 wherein X and Y are taken
together with the attached carbon to form C—0.

10. The process of claim 2 wherein R'“ is benzoyl.

11. The process of claim 1 wherein R'“ a is optionally
substituted benzoyl, and further comprising converting the
compound of formula (VI) into a compound of formula (I)

@
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wherein
R! is a monosaccharide or disaccharide; and

C represents 1 or 2 substituents independently selected in
each instance from the group consisting of hydrogen,
halogen, hydroxy, alkyl, aralkyl, alkylaryl, alkoxy, het-
eroalkyl, aryl, heteroaryl, heteroarylalkyl, aminoaryl,
alkylaminoaryl, acyl, acyloxy, sulfonyl, ureyl, and car-
bamoyl, each of which is optionally substituted.

12. The process of claim 11 wherein the compound of

formula (I) is of the formula

H,N

/ =

or a pharmaceutically acceptable salt thereof; where A is
CH2; and B is (CH2),,, and n is 3.

13. The process of claim 11 wherein V is C—0.

14. The process of claim 11 wherein X and Y are taken
together with the attached carbon to form C—0.

15. The process of claim 11 wherein W is hydrogen or F.
16. The process of claim 11 wherein W is F.
17. The process of claim 11 wherein -A-B— is alkylene.

18. The process of claim 11 wherein C is optionally
substituted aryl or optionally substituted heteroaryl.

19. The process of claim 11 wherein C is optionally
substituted aryl.

20. The process of claim 11 wherein R' is a monosac-
charide that includes a 2'-hydroxyl group acylated with R*“.

21. The process of claim 20 wherein R'® is benzoyl.

22. The process of any one of claims 11 to 21 wherein R*
is desosamine.

23. The process of claim 11 wherein the compound of
formula (I) is of the formula

36
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5 where A is CH,; B is (CH,),; and HX is an acid.
24. The process of claim 11 wherein the compound of
formula (I) is of the formula

20
LN | N

25

where A is CH,; and B is (CH,);.
25. The process of claim 11 wherein the compound of
formula (I) is of the formula

40 N

50
where A is CH,, and B is (CH,)s.
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